Wild pigs (Sus scrofa) are among the most widespread and destructive invasive mammals in the world. Understanding the spatial ecology of this species is foundational to effectively mitigating further range expansion. We compiled size estimates of home ranges of wild pigs from 30 locations worldwide and modeled the relationship between home-range size and both abiotic (evapotranspiration, latitude, precipitation, and temperature) and biotic (vegetation productivity and mammal species richness) environmental factors. Size of home ranges varied markedly, ranging from 0.62 to 48.3 km 2 . Mammal species richness was positively correlated with home-range size and was the only predictor in the best model; other abiotic factors typically correlated with richness, i.e., latitude and evapotranspiration, were not significant predictors of wild pig home-range size. Despite indicating correlation rather than cause, our analyses were conducted at the scale of the home range and therefore may support the invasion paradox hypothesis for mammals, which states that biotic interactions have a greater influence on invasive species at finer spatial scales. While we do not suggest that mammal species richness can preclude populations of wild pigs from continuing to spread in their native or non-native ranges, our correlative results suggest that areas with a diverse mammal community may be more resistant to invasion. This finding supports the intrinsic value of conserving native species and highlights the need for future work exploring the specific mechanisms by which species richness and biodiversity can influence the ecology of invasive species.
The invasive wild pig (Sus scrofa), which includes feral domestic pigs and several subspecies of wild boar and hybrids between these 2 forms, is one of the most successful and widely distributed species in the world. Although native to Eurasia, S. scrofa is invasive in many parts of the world and currently occurs on all continents except Antarctica (Barrios-Garcia and Ballari 2012). Invasive pig populations in the United States have increased drastically since the 1980s (Clay 2007) and occur throughout the southern United States (Gipson et al. 1998; McClure et al. 2015) . The consequences of this range expansion have been severe. Wild pigs are one of the top 3 most destructive invasive species in the United States, causing an estimated $1.5 billion in crop damage and control costs every year (Pimental 2007; Bevins et al. 2014) . Concurrent with this range expansion in the United States, populations also have been increasing in the species' native Eurasian (Apollonio and Andersen 2010; Saito et al. 2012; Morelle et al. 2014 ) and non-native Australian ranges (Spencer and Hampton 2005) . The success of the wild pig is mainly due to its generalized biological traits such as an omnivorous diet (Baubet et al. 2004; Ballari and Barrios-García 2014) , high reproductive potential (Focardi et al. 2008) , and human-assisted translocation into new habitats (Tabak et al. 2017) . In addition to these life-history characteristics, wild pigs also lack effective natural predators in much of their native and introduced ranges (Geisser and Reyer 2005; Servanty et al. 2011) , and control methods (e.g., hunting or trapping) are not always effective in reducing populations (Campbell et al. 2010) . It is therefore important to better understand how baseline ecological conditions may be influencing the recent expansion of this invasive species in North America and Europe.
Home-range size is a common metric for understanding the spatial ecology of invasive species. Knowledge of home-range size is vital for making informed management decisions as well as conservation planning (Schlichting et al. 2016) . A home range is expected to fulfill an animal's biological needs without reaching a size that would exceed its energy costs (Charnov 1976) . Abiotic factors, such as climate or latitude, influence the movements and distribution of S. scrofa and vary across spatial and temporal scales (Ballari and Barrios-García 2014) . In colder regions, duration of pig movement decreased during periods of high winter precipitation (Thurfjell et al. 2014) . Extreme temperatures may be negatively correlated with home-range size because temperatures can exceed the thermoregulatory abilities of wild pigs, limiting them to smaller areas with thermal cover (Dexter 1999) . Latitude is hypothesized to be positively associated with sizes of home ranges due to increasing latitude being associated with decreasing primary productivity (Harestad and Bunnell 1979) . Other abiotic environmental variables also may have significant effects on wild pig movement and home ranges. For example, in warmer areas, precipitation and access to water decreased distances pigs traveled due to thermoregulatory requirements such as wallowing and drinking (Barrett 1978; Baber and Coblentz 1986) . Therefore, access to water is negatively correlated with home-range size because the animals can more easily satisfy their energetic demands and reduce travel costs (Charnov 1976) .
Invasive species do not always conserve their climatic niche and can spread into climates other than those occupied in their native range (Broennimann and Guisan 2008) , possibly due to release from competition or the presence of predators in the native range (Shea and Chesson 2002) . Warming temperatures and global climate change are generally expected to enhance the spread of invasive species (Moran and Alexander 2014) , and such changes may influence the habitat requirements and movement patterns of wild pigs by reducing the negative effect of cold winters on dispersal ranges (Vetter et al. 2015) . Schlichting et al. (2016) examined the statistical relationship between home-range size of female wild pigs and environmental conditions across varying spatial and temporal scales and found that temperature, elevation, latitude, and rainfall all influenced home-range sizes at the global scale.
Biotic factors may also influence the movements and distribution of wild pigs. The strong influence of resource distribution (i.e., biotic factors occurring at lower trophic levels) on the movements and home-range sizes of mammals has been studied across many taxa, including other ungulates (Damuth 1981; McLoughlin and Ferguson 2000) . For wild pigs, biotic resources occurring at lower trophic levels, such as mastproducing trees, are an important factor affecting the ecology of the species (Geisser and Reyer 2005; Focardi et al. 2008; Cutini et al. 2013) . Habitats of greater productivity tend to generate smaller home ranges because energetic requirements can be met within a smaller area (Harestad and Bunnell 1979) . A limiting biotic factor that may modify the utilizable proportion of energy in the habitat is the presence of competition with other animals. For example, other mammals with similar food habits or ecological niches may be highly influential. However, across all trophic levels, the influence of other mammals on the ecology of wild pigs is poorly understood.
There is a tendency for invasion success to decrease with native species diversity (Shea and Chesson 2002) . Based mostly on studies of plants, native species richness has been found to influence a community's resistance to invasion, but the direction of the response is often scale dependent (Stohlgren et al. 2003) . The invasion paradox hypothesis proposes that native species richness promotes resistance to invasion at fine spatial scales but not at broad spatial scales (Stohlgren et al. 2003) . In general, a variety of observational, experimental, and theoretical studies have documented negative relationships between number of native species and the relative success of invasive species at fine scales (≤ 10 m 2 ) whereas broad-scale studies (≥ 1 km 2 ) yield the opposite pattern (Fridley et al. 2007) . At fine scales where environmental and disturbance-based drivers of community composition are relatively homogenous, biotic interactions typically have predictable impacts. However, as spatial grain increases, the probability of significant spatial heterogeneity in environmental determinants increases; and the less likely biotic interactions will correctly predict the invasibility of the area (Fridley et al. 2007 ). Increased native species richness may even be an indicator of optimal environments for growth and spread of non-native plant species (Stohlgren et al. 2003) . The invasion paradox also may apply to mammalian communities, and invasive species such as wild pigs. For example, interactions with other mammals may create exploitive competition that requires wild pigs to travel further to meet resource demands. The generalist ecology of the wild pig makes it an ideal focal species for studying how species richness and other biotic factors might influence the spatial ecology of an invasive mammal because its niche is likely to overlap with several other mammalian species and the generalist diet may signify resource competition with mammals from many different trophic levels.
The objectives of this study were to compile home-range size estimates for wild pigs throughout the world and investigate whether climate, vegetation productivity, and mammal species richness explained variations in their home-range sizes. We evaluated whether these patterns differed due to sex and also whether variables often associated with mammal species richness (i.e., climate) were also correlated with home-range size. Lastly, we assessed whether our results support the invasion paradox hypothesis in mammalian communities and discuss our findings relative to broader issues of biodiversity conservation.
Materials and Methods
Home-range data collection.-We compiled data from 30 published studies of wild pig home ranges worldwide using only records from peer-reviewed scientific publications where individual adult pigs were marked with telemetry collars, homerange size estimates (km 2 ) were reported for male or female wild pigs, and size of the study area was available (Table 1) . We did not include multiple studies from the same study area to maintain independence among the records in our dataset. We used only 95% contours of home-range size that used minimum convex polygon or kernel density estimation methods. Despite potential complications with combining home-range estimates across estimation techniques and studies (Boyle et al. 2009 ), comparisons of home-range size among studies have been widely used to detect macroecological patterns in both interspecific (Brown 1995 A simple ANOVA revealed there was no difference in home-range size between estimation methods in this study (F 1,27 ≥ 2.63, P = 0.12). All home-range size estimates were normalized using log 10 transformations. Although intraspecific analyses of home-range size often use means weighted by the number of radiocollared animals in each study (Burdett et al. 2007 ), we used unweighted means to better emphasize potential geographic differences.
Our analyses required the precise location of each homerange study area using the information provided within the literature review. We used the MaNIS Georeferencing Calculator, a java applet created as a tool to aid in the georeferencing of descriptive localities (Chapman and Wieczorek 2006) , to determine the specific coordinates and precision estimates of each study site. If no detailed locality information was provided in the publication, we georeferenced the study location with broad locational information such as nearby towns or an administrative unit.
Calculating uncertainties in georeferenced data is necessary to determine precision and infer quality. We defined the extent of each study location as the distance from the geographic center, or centroid, of each georeferenced study area to the boundary of a 1,600-km 2 circular buffer surrounding the centroid. We chose this 1,600-km 2 area because it was the average size among the 25 studies in our literature review that reported study area size. As a general measure of uncertainty, we calculated 10% of the study location extent as the Maximum Error Distance (Chapman and Wieczorek 2006) , a measurement of precision. Using this measurement, we omitted all spatial locations that could not be georeferenced with a precision of < 25 km. Thirty study sites met these criteria (Fig. 1) . Mantel (Melis et al. 2009 ) and Moran's I tests (Diniz-Filho et al. 2003) were used to test for autocorrelation among study sites.
Abiotic environmental factors.-We evaluated the potential influence of abiotic factors including temperature, precipitation, evapotranspiration, and latitude on wild pig home-range size. Wild pigs show a preferential use of cooler, moist areas due to their physiological need for free water and thermoregulation (Baber and Coblentz 1986) . In order to identify climatic variables with the greatest explanatory power, we first fitted single-variables models using WORLDCLIM climate variables at the global scale (Hijmans et al. 2005) . Based on the Akaike Information Criterion corrected for small sample sizes (AIC C ), we selected TEMP and PRECIP from the WORLDCLIM database for use in our analyses. We included additional abiotic variables for actual evapotranspiration (EVAP) and latitude because these factors have been identified as drivers of species richness in the temperate and tropical biomes in which our home-range estimates occur (Rosenzweig 1992; Hawkins et al. 2003) . If the variation explained by either of these variables was similar to the variation explained by mammal species richness, it would be difficult to disentangle the influence of richness and these abiotic drivers on home-range sizes. Therefore, we used model selection and information theoretic criteria to evaluate the amount of variation explained by each of these variables while excluding mammal species richness in the same models so as to determine which was more predictive of home-range size variations: biotic or abiotic variables. Our estimates of EVAP were obtained from the CGIAR-CSI Global Soil-Water Balance Database (Trabucco and Zomer 2010) and had a resolution of 30 arc seconds (approximately 1 km at equator). We measured latitude using our georeferenced study site centroids in ArcGIS 10.1 (Environmental Systems Research Institute 2014).
Biotic environmental factors.-Pigs are large mammals, so we hypothesized that invertebrates and non-mammalian vertebrates would rarely be capable of interference or exploitive competition with pigs. We therefore used mammalian species richness as a measure both of species diversity and a biotic covariate to explore whether the richness of the local mammal community was positively or negatively correlated with the size of wild pig home ranges. Interactions with other mammals may create exploitative competition that requires wild pigs to travel further to meet resource demands. Data for mammal species richness had a 10-km resolution and was created from the geographic range maps maintained by the International Union for the Conservation of Nature (Jenkins et al. 2013) . We also used the normalized difference vegetation index (NDVI) to evaluate whether vegetation productivity influenced the size of pig home ranges. The NDVI correlates with photosynthetic activity (Myneni et al. 1995) and has been known to influence the size of animal home ranges (Nilsen et al. 2005; Marshal et al. 2006; Naidoo et al. 2012 ). It is not straightforward to classify NDVI as a biotic (albeit a lower trophic level than pigs) or an abiotic covariate, but for this study we viewed it as biotic. All NDVI values were 10-year averages (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) obtained from the National Aeronautics and Space Administration's Moderate Resolution Imaging Spectroradiometer at a 0.05° resolution. We calculated the mean NDVI values for the most productive growing periods, represented as the month of July for the Northern Hemisphere or January for the Southern Hemisphere.
The values for these variables used in statistical analysis were averaged within the 1,600-km 2 circular buffers surrounding each georeferenced study site location. We calculated averaged raster values for TEMP, PRECIP, NDVI, and mammal species richness within this circular area using the zonal-statistics function in ArcGIS 10.1 (Environmental Systems Research Institute 2014).
Statistical analyses.-We examined the collinearity between all explanatory variables by calculating the Spearman's correlation coefficient; highly correlated variables (r >|0.60|) were not included in the same model (see Supplementary Data SD1 and SD2). We assessed all possible combinations of explanatory variables using simple and multiple generalized linear models, with an identity link function and a Gaussian distribution that represented hypotheses about how our biotic and abiotic standardized variables influenced home-range size. All variables were standardized prior to model fitting. Models were limited to ≤ 3 independent variables to avoid overfitting and excluded models of highly correlated variables. We fit models using maximum likelihood, ranked them based on their AIC C , and then evaluated them using AIC C differences (ΔAIC C ) and weights derived from the AIC C value (Burnham and Anderson 2002) . We also calculated the relative importance (I i ) of each explanatory variable as a sum of Akaike weights across all models that contained that variable and the associated confidence intervals (CIs- Burnham and Anderson 2002) . All analyses were conducted in R 3.2.1 software (R Core Team 2015), and we used the MuMIn package for model selection procedures (Barton 2011) .
results
A total of 30 study locations representing approximately 400 pigs were compiled; most of these studies were from the native European range of the species and the non-native ranges in Australia and the United States ( Fig. 1; Table 1 ). The homerange estimates (25 for males, 29 for females) obtained from the 30 studies ranged from 0.62 to 34.04 km 2 for females and 1.05 to 48.34 km 2 for males. The majority of these estimates were groups of pigs (2-42 sows and their young) with the exception of a few individual, solitary collared males. Males did not have significantly larger home ranges than females (t 69 = 1.12, P = 0.271) and we found insignificant spatial autocorrelation for the study site locations of males (Mantel r = 0.02, P = 0.284; Moran's I = 0.05, P = 0.476) or females (Mantel r = -0.05, P = 0.795; Moran's I = 0.01, P = 0.693).
Mammal species richness (MSR) appeared in all of the top models (∆AIC C < 2.0) and had the highest relative importance Table 1 . Black circles represent 1,600-km 2 buffer areas surrounding each study site. The detailed inset maps depict clusters of study sites in Europe, Australia, or the United States.
(I i = 1.0) in predicting home-range size of both male and female wild pigs (Table 2 ; Supplementary Data SD1C). Our models indicated that wild pig home-range sizes increased in areas with greater native mammal species richness (males: β MSR = 0.028, 95% CI = 0.014-0.042, P < 0.001, Fig. 2 ; females: β MSR = 0.027, 95% CI = 0.012-0.043, P < 0.001, Fig. 2 (Table 1) ; however, these variables displayed insignificant relationships for home-range size estimates of both male and female wild pigs (P > 0.05). Models that controlled only for mammal species richness had lower AIC C values compared to models that fitted the commonly used correlates of biological richness (latitude and EVAP).
discussion
We found that mammal species richness accounted for more variability in the home-range sizes of S. scrofa than any of the other abiotic or biotic factors included in this study. Furthermore, mammal species richness explained more variation than standard drivers of mammal richness patterns including latitude, NDVI, or EVAP (Rosenzweig 1992; Hawkins et al. 2003) . Although other studies have identified variables closely associated with mammal species richness (e.g., latitude and elevation) as influencing the range size of wild pigs (Schlichting et al. 2016) , we found that biotic factors, specifically mammal species richness, were more closely correlated with the home-range size of wild pigs. This result suggests interactions with other mammals may create exploitive competition that requires wild pigs to range further.
The scale of a study is defined by its extent and grain (Wiens 1989) ; although this study had a global extent, it ultimately had a relatively fine spatial scale because of the 1,600-km 2 spatial grain (i.e., resolution) of our response and predictor variables. Further, our response variable consisted of means summarized from the movement behavior of individual wild pigs, meaning it had both a fine spatial resolution and was conducted using a relatively fine-grained biological resolution (i.e., populationlevel responses summarized from individual-level data). This may have strengthened our results because biotic interactions are thought to have their largest influence on interspecies relationships at smaller scales (Wisz et al. 2013) .
Since biotic interactions mostly influence the distribution of species at finer, local spatial scales (Wiens 2011; Wisz et al. 2013) , the spatial and biological scales of our analysis may have enabled us to detect an influence of biotic factors on wild pig movements. Assuming the effect of interactions between wild pigs and other mammals were likely to occur at local scales, the resolution and underlying behavior of our sampling unit (0.6-48.3 km 2 ) would be an appropriate scale to detect the effect of biotic interactions (McGill 2010) . It is currently unclear if biotic interactions like competition, predation, and parasitism strongly influence the distribution of species at broad biogeographic scales (Wiens 2011) . Abiotic factors like climate are influential at both broad and local scales (McGill 2010) , suggesting that we also measured climate at an appropriate scale to detect its effects on home-range size.
We acknowledge 2 limitations in our interpretation of our results. First, our analysis only established a correlative pattern between the spatial ecology of wild pigs and mammal species richness. However, the generalist diet of the wild pig inevitably creates resource competition with mammals from many trophic levels including granivorous rodents, large herbivores, and even the more omnivorous carnivores like bears, skunks, and raccoons. Correlative studies like ours should inspire confidence when the patterns are consistent with logical explanations (Johnson 2002) . Causation can also be inferred from correlative studies when other causes are also considered in the analysis (Romesburg 1981), and we can gain further confidence in this relationship from the fact that other potential drivers of home-range size, including factors that influence mammalian species richness, were considered and explained less variation in home-range size. One key factor we did not evaluate was the potential effect of population density on wild pig home-range size. In other ungulates, studies have described both positive and negative relationships between home-range size and population densities (Kilpatrick et al. 2001; Kjellander et al. 2004 ). The size of S. scrofa home ranges were inversely related to population densities in a comparative study across 8 locations (Saunders and McLeod 1999) , although the confounding effect of habitat quality on movements and population density could not be assessed in that study. Population densities of wild pigs are predicted to be higher in tropical regions with more species of mammals (Lewis et al. 2017 ). Since we found a positive correlation between wild pig home-range size and mammal species richness, future work evaluating the effects of population density on wild pig home-range sizes would be helpful to better interpret the pattern we found in this study.
A second limitation is that our results do not imply that a rich native mammalian community could exclude the establishment of invasive wild pig populations. Our results are best viewed more conservatively by simply suggesting that richer communities may increase the spatial requirements of S. scrofa, possibly through increased resource competition. Field studies and empirical data will be needed to better identify the specific pathways by which other mammals can affect resource availability for wild pigs, and whether these interactions are strong enough to curtail the establishment of new populations or balance their resilience to pig invasions.
Biotic variables and wild pig home-range size.-Wild pigs are highly adaptable in new environments and can quickly change their behavior in response to local conditions (Podgórski et al. 2013) , including increasing or decreasing their movements and home ranges to fulfill nutritional needs (Morelle et al. 2014) . Suggested competition with wild pigs, due to dietary overlap, has been reported with a wide range of mammals including white-tailed deer (Odocoileus virginiana), cassowaries (Casuarius spp.), raccoons (Procyon lotor), opossums (Didelphis virginiana), black bears (Ursus americanus), bobcats (Lynx rufus), squirrels (Sciurus spp.), chipmunks (Tamias striatus), javelinas, skunks, and foxes (Sweeney et al. 2003, Barrios-Garcia and Ballari 2012) . Controlled diet studies in a captive environment indicated wild pigs were capable of successfully competing for mast with several native species like wild turkeys (Meleagris gallopavo), raccoons, collared peccaries (Pecari tajacu), and white-tailed deer (Elston and Hewitt 2010) . Even small mammals can compete with wild pigs; in Italy, wild boar actively searched out buried acorns and excavated the burrows of rodents (Focardi et al. 2000) . Wild pigs will clearly compete with other mammals for food resources. However, we again emphasize that our findings only imply that space use of wild pigs may be influenced by such biotic interactions. We are unaware of any causal evidence suggesting that the diversity of the local biotic community can preclude pigs from becoming established. In fact, collared peccaries coexisted with wild pigs in Texas because of a relatively high level of resource partitioning in the diet and habitat selection of both species (Ilse and Hellgren 1995) .
In contrast to many other ungulate species (Pettorelli et al. 2011) , the relatively weak association we found between NDVI and home-range size may result from pigs being less specialized for herbivory. Although they consume mostly vegetation (Cutini et al. 2013) , pigs are omnivorous with a diet that includes eggs and chicks of ground-nesting birds, small mammals, invertebrates, and even carrion (Cuevas et al. 2012; Danilov and Panchenko 2012) . The relationships that exist between pigs and vegetation communities may be affected by the availability of high-protein food. For example, the presence of deciduous trees providing protein-rich mast crops can strongly influence both home-range sizes (Singer 1981; Massei et al. 1997 ) and the broad-scale occurrence of the species in the United States (McClure et al. 2015) . The NDVI index measures the level of all photosynthetically active material, meaning it does not specifically discriminate the location of mast-producing trees. The dietary breadth of wild pigs may minimize the influence of NDVI on their home-range size, as they will be able to switch among food resources when the first choice in not available.
Abiotic variables and wild pig home-range size.-We evaluated the influence of EVAP and latitude on wild pig home-range size because they are often cited as drivers of mammal species richness patterns (Rosenzweig 1992; Hawkins et al. 2003) . Including these variables and comparing their effects with species richness within a model selection analytical framework allowed us to evaluate if potential underlying abiotic drivers of mammal richness influenced pig home-range sizes to a similar extent as mammal species richness. While EVAP and latitude may influence the spatial ecology of pigs, we found their effect was less correlated with home-range sizes than mammal richness, both individually and with their combined influence against that of mammal species richness. No abiotic factors had a stronger effect on the spatial movements of wild pigs than the richness of the local mammal community. The moderate effect of the average temperature of the warmest month and precipitation of the driest was somewhat surprising since climate influences home-range size of many species (McLoughlin and Ferguson 2000) , as well as the distribution and ecology of S. scrofa at multiple spatial scales (Baber and Coblentz 1986; Geisser and Reyer 2005; Melis et al. 2006; McClure et al. 2015) . For example, temperature extremes were good predictors of the current occurrence of S. scrofa in the United States (McClure et al. 2015) and home-range size was negatively associated with rainfall (Schlichting et al. 2016) . Granted, our analyses focused on variables for maximum temperature and minimum precipitation of the warmest and driest month, and there is likely to be more noise in the relationship between the home-range size of pigs and single extreme values, which may not be representative of conditions at other times of the year. At local scales, wild pig behavior may only be influenced by more extreme temperatures or associated climatic conditions such as deep snow (> 100 cm), which can reduce the home-range size of the wild boar by increasing the energetic cost of movement (Fadeev 1973) . The home-range size of male wild pigs did not respond to moderate increases in air temperatures within a more mild climatic region in Australia (Dexter 1999) . The minimal response to climate may be due to climate having minor effects on the movements of individual wild pigs, a known habitat generalist and one of the more broadly distributed mammals. Because most telemetry studies of wild pigs have been conducted in temperate regions, their behavioral response to more extreme climates may not have been adequately represented in the dataset we compiled. As discussed previously, our response variable was home-range size, a metric reflecting the behavior of individual animals at local spatial scales. Climate may have only had a moderate effect on our results due to the fine spatial and biological resolution of our response variable. While the broad distribution and occurrence of most species, including S. scrofa, are strongly influenced by climate (Melis et al. 2006; Peterson et al. 2011; McClure et al. 2015) , at smaller spatial scales, climate is thought to be a more indirect influence on home-range size due to its effects on productivity, seasonality, and resource availability (McLoughlin and Ferguson 2000) .
Invasive mammals, the invasion paradox, and the value of biodiversity conservation.-We found that native species richness had a positive relationship with the home-range size of a generalist invasive mammal with broad dietary and habitat requirements. If the mammal community was indeed increasing the area wild pigs require to obtain sufficient resources, then species richness would be providing some resistance to invasion. Nonetheless, it is unclear, and perhaps unlikely, whether such biotic resistance could actually hinder the spread of large invasive mammals like the wild pig. In species other than mammals, biodiversity promotes resistance to invasion at fine spatial scales, but not at broader spatial scales (Stohlgren et al. 2003; Fridley et al. 2007 ). Our results may suggest some support for the presence of this invasion paradox in mammals, because our response variable measured the fine-grained behavior of individual animals within their home ranges and foraging competition occurs between wild pigs and several other mammal species (Sweeney et al. 2003) . However, our results are correlative, and the critical mechanistic understanding of how increased movements promote resistance to invasion will require further study. Much of our understanding of invasion ecology is based on studies across a wide range of taxa and it is unclear whether this invasion theory is sufficiently general to apply across such distinct taxa as plants and mammals. Overall, our understanding of whether biodiversity influences resistance to invasion by mammals remains limited.
More generally, our results reinforce the broad value of biodiversity protection. As we move further into the Anthropocene, continued loss of native species and disruption of local biotic communities may be making them more susceptible to invasion (Fridley et al. 2007 ), which could lead to greater biodiversity loss. If biodiversity provides any protection against invasive species, the value of this protection would quickly translate into substantial economic benefits in both anthropogenic and natural landscapes. Recent years have seen increased access to biodiversity data and it is imperative to utilize these data fully so we can better understand how the local biotic community may influence the distribution and spread of invasive species.
In conclusion, this study provides preliminary correlative evidence that a diverse mammal community increased the spatial requirements of wild pigs. This effect of mammal richness may reduce, but not necessarily preclude, the invasive ability of wild pigs. Further work including field studies of community-level interactions are needed to establish biological mechanisms that can provide more detailed information useful for management or other decision making. Community-level effects have been recognized as important factors affecting the spread of invasive species (Shea and Chesson 2002) , and such effects warrant additional study to better understand the invasion ecology of mammals. 
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